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Green fluorescent protein (GFP) has revolutionized the ability to track the location and movement of specific proteins in living cells
. When tagged to the protein of interest, the natural fluorescence of GFP provides a molecular label that is both innocuous to the cell and readily visualized by fluorescence light microscopy [5] [6] [7] . New variant fluorescent proteins and advances in the imaging technology associated with laser-scanning confocal microscopy continue to extend the scope of GFP as a tool to analyze protein function [8] [9] [10] [6] .
. However, despite the major breakthroughs in understanding cell and molecular function that have been achieved through these approaches, certain inherent limitations need to be borne in mind, and where possible addressed, to maximize the value of the information obtained. Apart from awareness of the possible effects of the presence of a GFP tag on the properties of the protein, which may alter its function, trafficking route or orientation in the membrane, a key limitation centres on the resolution afforded by the imaging methods routinely employed. Even the most up-to-date developments in confocal imaging do not permit unambiguous identification of all cellular organelles and the precise location of a fluorescent signal within or adjacent to their membranes
One approach aimed at addressing this major drawback involves parallel examination of fluorescently labelled samples with those processed for the higher resolution technique of thinsection electron microscopy combined with immunogold labelling of GFP. Though this has met with some success, key limitations nevertheless remain [11] [12] [13] [14] [15] . First [22] , and differentiated to macrophages by adding 100 µM phorbol 12-myristate 13-acetate to the medium. THP-1 cells were transfected following a similar procedure to that described above. The transfection efficiency of GFP-CD4 expression vector was approximately 50%.
The cells were processed 24 hrs after transfection as described below.
Freeze-fracture replica immunolabelling
Cells were mounted in 30% glycerol on gold-nickel alloy carriers and immediately rapidly frozen in Freon 22 cooled with liquid nitrogen. The samples were fractured using a Balzers BA 310 freeze-fracture unit at Ϫ100ЊC. 
Replicas of the freshly fractured cells were immediately made by electron beam evaporation of platinum-carbon and carbon at angles of 38Њ and 90Њ and to thicknesses of 2 nm and 20 nm, respectively. The replicas were
Fig. 1 Western blot characterization of the GFP and perilipin antibodies. (A) Using the GFP antibody, no signal is detected in non-transfected THP-1 macrophages (control). In cells overexpressing the control vector, a single band of ~25 kD is seen (representing GFP
Fig. 4 Comparative detection of GFP-perilipin (GFP-Per) by immunofluorescence microscopy (A-D) and freeze-fracture replica immunolabelling (E-G) in NPC fibroblasts. The punctate cytoplasmic labelling seen using perilipin antibodies (A) or from GFP fluorescence (B) at light microscopy is demonstrated to reside in lipid droplets (LD) by fracture replica immunolabelling using anti-GFP antibodies followed by 18 nm gold secondary antibodies (E). Identical labelling of the lipid droplets is apparent using perilipin antibody with 18 nm gold secondary (F), and when simultaneous labelling using GFP antibody with 12 nm gold secondary and perilipin antibody with 18 nm gold secondary(encircled) (G). Bars: A-D 5 µm; E-G 0.2 µm antibodies. For comparison, standard immunofluorescence light microscopy was conducted in parallel.
Figure 4A-D illustrates immunofluorescence localization of perilipin in NPC fibroblasts after transfection with GFP-perilipin. Identical labelling patterns are observed whether the perilipin is detected using the anti-perilipin antibody (Fig. 4A) or directly by GFP fluorescence (Fig. 4B) , as confirmed by merging the images (Fig. 4C) . The appearance of the punctate cytoplasmic labelling is strongly suggestive of lipid droplets. The fluorescence image in Figure 4D shows (Fig. 4E) 
lipid droplets labelled with oil red (red) and GFP (green). GFP is seen at the periphery of lipid droplets. This identification is confirmed when the GFP-perilipin is localized using freeze-fracture replica immunolabelling with anti-GFP
Fig. 5 Demonstration of the validity of the GFP-adipophilin (ADFP) freeze-fracture replica immunolabelling technique. In GFP-adipophilin transfected cells, the labelling of lipid droplets obtained using anti-GFP immunogold (A) is identical to that obtained when applying anti-adipophilin antibodies/immunogold (B). When double labelling is carried out using both approaches simultaneously, the results are the same, irrespective of whether 18-nm diameter gold or 12-nm diameter gold is used. Bars: 0.2 µm
can be seen in abundance on the outer phospholipid monolayer of the droplet, and some label is also present deeper in the interior. Similar results are obtained irrespective of whether immunogold labelling is for GFP or perilipin (Fig. 4E and F) , a conclusion confirmed by conducting double labelling using gold markers of two sizes to discriminate GFP and perilipin labels (Fig. 4G) (Fig. 5) . However, in addition, prominent labelling for adipophilin-GFP is apparent in the plasma membrane and nuclear membranes (Figs. 6 and 7) . In the plasma membrane, a high density of labelling is present on the P-half of the membrane (the half membrane leaflet adjacent to the protoplasm) though significant labelling is also apparent on the E-half (the half membrane leaflet adjacent to the extracellular space) (Fig. 6) . This finding suggests that the presence of the GFP-tag results in an abnormal orientation of adipophilin in the plasma membrane, for normally this protein only occupies the P-half [18, 20] (Fig. 8A-C) . The freezefracture replica immunolabelling technique with immunogold labelling of GFP demonstrates specific labelling of the endoplasmic reticulum membranes (Fig. 8D) . This label is confined to the protoplasmic membrane half. Owing to the continuity between endoplasmic reticulum and nuclear envelope, CD4-GFP is also detected on the nuclear membranes (both on the protoplasmic and on the endoplasmic membrane halves) (Fig. 8E and F 
. Thus, antibodies to GFP are as effective as those to the protein in providing high-resolution localization data. No label with either antibody is apparent on the cytoplasmic matrix or the membranes of the endoplasmic reticulum or other organelles. In NPC cells transfected with adipophilin-GFP, the pattern of labelling on lipid droplets is similar to that observed with the GFPperilipin transfected cells, irrespective of whether anti-GFP or antiadipophilin antibodies are applied
